Abstract. The kinematic parameters of the Galactic disk are redetermined based on open-cluster data. It is shown that the Bottlinger-Oort model of pure circular rotation can be confidently used to describe the observed motions of disk objects at least out to heliocentric distances of 3.5 kpc.
INTRODUCTION
One of the important methods for studying the kinematics of the Galaxy is the construction of simple models of motions in the Galactic disk. In this paper, we check the simple Bottlinger-Oort model of pure circular motion in the Galactic disk using the radial velocities and proper motions of open star clusters (OCls). Recently, Bobylev & Bajkova (2016) conducted a detailed study of the kinematic properties of the Galactic disk using classical methods and the latest release of the RAVE radial-velocity survey (Kordopatis et al. 2013) . Individual distance estimates for stars of this sample are mostly based on geometric parallaxes from Hipparcos catalog (van Leeuwen 2007) . Stars of this sample are, on the average, not distant. Given that OCls are, on the average, located at much greater distances than stars in the sample of Bobylev & Bajkova (2016) , estimating the kinematic model parameters from open cluster data will allow us to test whether the parameters of the kinematic model are independent of the features of the sample employed.
THE SAMPLE
When preparing our sample we used the data from the current version of the 'Homogeneous catalog of open cluster parameters' (Loktin et al. 1994) . As of now, the catalog contains information about 859 open star clusters and its size continues to increase in the process of re-estimation of the basic parameters of OCls based on the 2MASS point source catalog data (Skrutskie et al. 2006) . We adopted the cluster radial velocities from the last version of the catalog of Dias et al. (2002) . We adopted the cluster proper motions from the same catalog or determined them by averaging the PPMXL proper motions (Roeser et al. 2010 ) of the likely cluster members. As a result, 719 clusters of our sample have proper motion data and 
of them have radial-velocity determinations.
An important problem is whether the proper motions of such distant objects as OCls are usable for kinematic studies. Fig. 1 (the left-hand panel) shows the dependence of the galactic-longitude component V l of the cluster velocity on galactic longitude l for different heliocentric distances. The dotted lines show the double wave corresponding to the value of the Oort constant determined below. The dispersion of the galactic-longitude component V l of our sample clusters located in the distance interval 3.0 − 3.5 kpc is 27.7 km s −1 . At a heliocentric distance of 3 kpc, this value corresponds to the dispersion of proper motions in galactic longitude σµ l = 1.9 mas year −1 . For OCls of our sample in the distance interval 3.0 − 3.5 kpc the dispersion of radial velocities relative to the double wave was found to be 25.1 km s −1 . The radial-velocity components of open clusters were corrected for the motion of the Sun in space. We used the following values of the components of the solar motion: (Popova 2013) . The observed dispersion of the radial velocities is comparable to the estimates of dispersion of transversal velocities (based on proper motions). The dispersion of the deviations of radial velocities of the nearer OCls (located in the heliocentric distance interval 0.5 − 1.0 kpc) is 19.4 km s −1 . Most of the OCls in our sample are located at distances smaller than 3.0−3.5 kpc and we therefore can assume that the available proper motions may well be used in statistical investigations of sufficiently large samples.
LIMITS OF THE APPLICABILITY OF THE BOTLLINGER -OORT KINEMATIC MODEL OF PURE CIRCULAR MOTION
To estimate the applicability limits of the simple model of pure circular motion in the Galactic disk, we plotted the dependence of radial velocities V r of open clusters on galactic longitude for different heliocentric distances (Fig. 1 , the righthand panel). When applied to OCls with known radial velocities, located in the distance interval 0.2 − 3.5 kpc, the least squares method yields the value of the Oort constant A = 15.6 ± 1.2 km s −1 kpc −1 . Hereinafter we excluded the clusters with ages log t > 9.0 because their kinematics may differ from that of the Galactic disk. The double waves corresponding to the Oort constant values estimated for each particular distance interval are shown by the dotted lines in Fig. 1. A comparison of the distribution of points around the double-wave curves for all of the heliocentric distance intervals shows no significant systematic deviations from the models. Hence a simple Oort model can be used to describe the observed motions of Galactic objects at least out to heliocentric distances of 3.5 kpc.
The data for OCls with known proper motions yield the Oort constant values A = 12.7 ± 1.4 km s −1 kpc −1 and B = −11.1 ± 0.5 km s −1 kpc −1 . The small error values indicate that the available proper motions of OCls are quite reliable. 
ANGULAR VELOCITY OF ROTATION OF THE GALAXY
For the angular velocity of Galactic rotation at the solar galactocentric distance, our Oort constant values yield the value ω 0 = 23.8 km s −1 kpc −1 . We also used the method for direct estimation of ω 0 (Loktin & Beshenov 2003) by the formula
derived from the Bottlinger formula by eliminating the rotation curve to estimate ω 0 for each cluster separately, and examined the resulting distribution. The advantage of this method is in the absence of expansions in "small parameters" discarding an infinite number of terms of the corresponding power series. reported by Bobylev & Bajkova (2016) .
CONCLUSIONS
We used the OCl data from the current version of 'Homogeneous catalog of open cluster parameters' (859 OCls) to redetermine the kinematic parameters of the disk of the Galaxy in terms of the Bottlinger-Oort model of galactic rotation. The fact that the inferred parameter estimates are independent of heliocentric distance demonstrates that for our open cluster sample the model of pure circular rotation is valid at least out to a heliocentric distance of 3.5 kpc. The available data show no significant local deviations from this model in the area under consideration. A comparison of the inferred parameters with the values obtained earlier by Bobylev & Bajkova (2016) shows that the results are essentially independent of the sample used. Finally, we propose to use the following values of the kinematic parameters: A = 15.6 ± 1.2 km s −1 kpc −1 , B = −11.1 ± 0.5 km s −1 kpc −1 , ω 0 = 24.7 ± 0.5 km s −1 kpc −1 .
